Introduction
The radiation protection quantities, such as equivalent dose and effective dose, which provide a quantitative description of biological effect due to radiation exposures, play an important role in radiation protection. The equivalent dose is defined as the mean absorbed dose of the organ or tissue multiplied by the corresponding radiation weighting factor, and the effective dose can be To date, more than 30 voxel-based models have been established, including an adult male phantom constructed by Zubal et al [6] , NORMAN and NAOMI introduced by Dimbylow [7, 8] , VIP-Man developed by Xu [9] , 8 month pregnant woman developed by Shi and Xu [10] , GSFseries voxel models developed by Zankl et al [11] , the MAX and FAX developed by Kramer et al [12, 13] , Otoko established by Saito et al [14] , KORMAN developed by Lee et al [15] , Korean-Man reported by Kim et al (2008) [16] and so on. In ICPR Publication 110, voxel phantom was decided to be the ICRP reference phantom [17] . In China, Zhang et al (2005) reported the first Chinese voxel model CNMAN, which was constructed from the Chinese Visible Human Project data set [18] . Zhang et al (2007) reported another visible Chinese human phantom (VCH) [19] . In 2009, a high-resolution voxel model of Chinese adult reference male based on a previous individual voxel model, denoted as CAM or CRAM, was constructed by Liu et al [20] . Kramer et al in 2010 [25] .
Based on these anatomically realistic phantoms, broad information on operational aspects of diagnostic radiology, radionuclide therapy, nuclear medicine as well as radiation protection has been obtained. However, more attention is focused on simulations of photon transport due to its wide availability in current medical physics. Since the particle transport, nuclear interactions energy spectra and energy-loss mechanism vary a lot between types of irradiation source, it is necessary to investigate the computational dose under various circumstances. Neutron is another important but more complex source type.
Neutron radiation exposures are associated with diverse human activities, such as nuclear power generation, highenergy particle acceleration and deep space explorations, where the energy spectra can range from the thermal region to above GeV levels, and always involve a variety of secondary particles. Neutron dose conversion coefficients based on ICRP reference voxel phantoms have been documented in ICRP report 116 [26] . However, there hasn't been available neutron dosimetric data based on Chinese reference voxel phantom in China. Some important organs, including extra-thoracic, eyes, oral mucosa, lymph nodes, tooth, blood vessel and some organ walls were not segmented in CNWN, these organs were then sub-segmented. Several organs, such as eyes, lymph nodes and blood vessel, were segmented directly from the original color photographs. The organ like oral mucosa, which was hard to be segmented directly, was divided as a thin layer of oral cavity in the surface with the method of "erosion", which will descried in the following paragraph. Similarly, the segmentation of the wall from the content for organs, such as stomach, upper large intestine (ULI), lower large intestine (LLI), small intestine (SI), gall bladder (GB) and urinary bladder (UB), was also conducted using the "erosion" method, where the wall was segmented as the outer layer of the content with the proper thickness.
For the purpose of developing voxel models to represent Chinese reference female, the adjustment of organ mass was carried out by changing the organ volume, which could be derived from the reference mass divided by its corresponding density taken from ICRU publication 46
[30]. For organs whose volume lager than the respective reference value, the "grow" method was used to search and change the voxel boundary of the organ to adipose tissue until the reference volume was achieved. On the contrary, an opposite procedure known as "erosion" method, where the adjacent adipose tissue voxels were changed to organ tissue until the reference value was matched, was used for organs' volume smaller than the respective reference value.
After the modulation, the organ mass in CNWM agree with the Chinese reference data. However, the whole body mass was still a little larger than the reference weight 54 kg of Chinese female. Therefore, the whole body weight adjustment was implied by reducing the adipose tissue.
Eventually, the weight and height of CRAF (54kg, 160cm)
was consistent with the Chinese reference value after the whole adjustment mentioned above. Fig. 1 . shows the 3D
view for bones and organs in CRAM and CRAF. In configuration of the irradiation source, parallel neutron beams that directed perpendicularly to the longitudinal axis of the body were set for AP, PA, LLAT and RLAT geometries, respectively. A full 360º rotation of neutron beams around the longitudinal axis of the fixed body was set for ROT geometry.
Neutron beams projected with no preference in direction, where the particle flux per unit solid angle remained constant, were configured for ISO geometry. Incident source energies ranging from 10 -8 MeV to 20 MeV were investigated. For neutron energy below 20 MeV, the absorbed dose for tissues and organs consist of two parts, the dose contributed by heavy charged particles and recoil nucleon which were originally generated by neutron and the dose produced by the secondary photons. To record the energy deposition of neutrons and photons, the original F6 tally from MCNPX was used in this work. 
Dose conversion coefficients calculation
Original quantities, which were directly obtained from MCNPX, were absorbed doses of tissues and organs.
These quantities were then normalized by incident neutron fluence to be expressed as the fluence-to-dose conversion coefficients. However, the dose to red bone marrow (RBM) cannot be calculated directly due to its small dimensions.
The tree-correction-factor (3CFs) method was used to derive the RBM dose. In the meanwhile, the dose to spongiosa was used as a surrogate for the bone surface 
Where En is the source energy, in unit of MeV. The whole body effective dose, acquired by multiplying the equivalent dose by the specialized tissue weighting factor Table 2 and Table 3 .The statistical uncertainties of the result in the simulation for CRAM and CRAF were less than 5%, and only 5% of all dose data are reported with uncertainties greater than 1%. Overall the precision is satisfactory Anatomical variation among different models is comparatively more important in low-energy irradiation condition since the particle deposit most of their energy around the sites where they enter the human body. 
Comparison of conversion coefficients among different irradiation conditions and different models

